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SUMMARY 



Data pertaining to the forces *\nd noments developed 
by V-bottom planing surfaces of different angles of dead 
rise vere used to compute the effect of the dead rise of 
the forebody upon the lower trim Unit of stability of a 
seaplane, the trim limit of stability being defined pb the 
trim below vhioh the seaplane is unstable. The results of 
the calculations were checked experimentally* with very 
good agreement, by use of a simplified .model oomposed of a 
planing forebody and a tail plane having a controllable . 
elovat-or* The calculations inoluded three angles of dead 
riso, qach at one speed and ono load. The tests included 
a wldo range of speeds and loads likely to occur during 
tho take-off or landing. Tho results Indicated in every 
caso that rn inoreaso in doad rise within the range inves- 
tigated (10° to 30°) caused an important increase in the 
lowor trim limit of stability. 

The prosont investigation also included tests of a 
model having a'transvorso section incorporating chine 
flare and an abrupt incronso in dead rise at a point one- 
third of the beam outboard of the keol. This oomplox 
sootion proved to have very intoreBtingv-stab-ility charac- 
teristics at planl-ng speeds near tho hump-'where the lowor 
trim limit was not groatly affected by 'load. These char- 
acteristics are in marked contrast to those of a simple 
V-bottom and indicate that departures from tho simple 
shape of transversa sootion' nay produce results that can- 
not safely be predicted by assuming an equivalent T-bottom. 

A survey of tho important variables involved in the 
low-angle type of porpoising is included to show the rela- 
tion of tho results of the prosont investigation to the 
gonoral problem. 
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IffTBODUOTIOH 



A great deal of experimental work on porpoising of 
models haB beon done at. the UACA tank and elsewhere* Most 
of the work has "been concerned with specific designs for 
military use and the Information obtained has been re- 
stricted in circulation. Considerable information has 
"been accumulated to show the effects of modifications that 
may ho incorporated. without groat difficulty in an exist- 
ing do sign. Among the variables that have been investi- 
gated aro depth and plan form of the step, the momont of 
inertia, «\nd the longitudinal, position of the center of 
gravity. The results of the investigations in general 
have indicated thnt the effects of the above variables are 
not great within the ranges that were included in modify- 
ing specific designs. She restriction of most of the work 
to consideration of specific designs has limited the in- 
vestigations, and it appears that tho effect of dead rise 
has not boen included. 

Beferenco 1 preeonts an adaptation of the conventional 
methods of stability analysis to the phenomonon of por- 
poising; simplified equations for the lift and moment of a 
flat planing surface and for two surfaces in tandom are 
used for calculating the stability derivatives. Reference 
2 describes methods of computing the stability derivatives 
from the results of tank tests of a model. Beferenoe 3 
describes a method of investigating the phenomenon of low- 
angle porpoising by use of a simple apparatus including a 
single planing surface with tail plane. 

The present report presents results showing the effect 
of dead 'rise as computed by methods similar to those de- 
scribed in references 1 and 2. The results of tests using 
the method and apparatus described in reference 3 are also 
presented and compared with the results of the computations 
She computations wore made for three angles of dead rise at 
one load and one speed. The tests include a wide range of 
loadB and speeds representing the range between tho hump 
speed and the get-away speed of a flying boat. 



CALCU1ATI0K 03T TEE EIFJBCT 07 DBAS BISB 05 STABILITY 



Theory . -r A calculation of the effect of dead rise on 
stability was made on the basis of the analysis developed 
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by Perring and Glauert (reference l) in an adaptation of 
tie methods customarily employed In the analysis of the lon- 
gitudinal stability of an airplane in flight. Perring and 
Olauert demonstrated that valid results ney he obtained if 
the f or«3-and-aft oscillations are neglected and the sea- 
plane is considered to he a system having two degrees of _ 
freedom: namely, freedom in rise and freedom in trim about 
the center of gravity. The derivatives of order higher 
than 1 are neglected and the equations of motion referred 
to unit mass and unit moment of inertia are 

X a s = Z„Xs + Z a a + Z q X6 + Z Q 6 

e » k w \3 + m z s + H 4 xe + H 8 e 

z distance along CZ axis, positive downward 

6 angle of trim about lateral axis, positive when bow 
is elevated 

w vertical velocity, 

at 



q angular velocity, 4r 

dt » 

Z force (per unit mass) along OZ axis 

K momont (per unit moment of inertia about oentor of 
gravity) 

A used for operator 




M_ ;= 



8B 



Etc. for Z B , Z qf Zg, Ky, M q , and Mq 



The axes are taxon as right hand and are fixed rela- 
tive to tho water surface, moving with the soaplane and 
with the origin at the center of gravity of the seaplane 
whon thoro is no porpoising oscillation. 

Trom tho two equations of motion the stability equa- 
tion is dorivod in its usual form 



where 



AX* + BX 3 + 0X a + DX + B e 0 



A = 1 



B = -(Z w + M^) 

0 = -(Z B + M e - Z^ + Z a M w ) 

D = Z B K q - Z^Mg + Z^Mq - ZeM w 
" 2 = Z a M Q - Z e K B 

The system ie stable if A, B, G, D , B, and E are positive, 
£ he ing South' s discriminant and equal to 

BOD - AD 3 - B a J8 

Evaluation of the derivatives Beference 4 was used 
as the source of data in the evaluation of the hydrody- 
namio components of the derivatives for 10°, 80°, and 30° . f 
dead rise. She computations were carried out as described- 
in reference 2 except that the effect of Troude's number 

V/*/gb vas neglected. Neglecting this effect appeared 
justified because plots of the planing coeffioiont 
against the draft and of the resistance coefficient 



3^3 
B 



against the draft resulted in curves that appeared 



V 3 * 3 

practically independent of the speed over the range appli- 
cable to the calculations'. She symbols in these expres- 
sions are defined as follows: 

■ ■ 

A load on planing surface ' 
B resistance 

p density of water 1 

■ 

V speed 
b beam 
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Drafts were ooaputed from vetted lengths in preference to 
the use of values for the draft tabulated in reference 4. 
Using values of the wetted longth appeared advisable be- 
cause surges in a towing basin may cause erratio readings 
and may also introduce a systematic error in the usual 
method of measuring draft with reference to some point on 
the towing carriage. 

From the plots mentioned and from plots of the loca- 
tion of the center of prossuro as a function of draft and 
trim, togothor with cross plots derived from them, the 
values of the derivatives were obtained in the usual way 
from the slopes of the curves. The calculations were car- 
ried out for the one combination of epood, load, momont of 
inortia, and location of the conter of gravity notod in 
table I.' The calculations were for the systom with tail 
but without wing and also for the system, with both wing 
and tail. She effect of the wing was investigated in order 
to soo if sufficient accuracy is to bo expected in using a 
eimplifiod experimental sot-up in which the wing is absent. 

H o suite of tho calculat ions.- The values of tho sta- 
bility derivatives, tho terms in the discriminant equation, 
and South' s discriminant pro listed in tablo I. She values 
are for unit mass and unit moment of inertia and are dimen- 
sional, involving forces and moments acting on a planing 
surface with a beam of 1.53 feet at a speed of 40 feet per 
second. Dimensional values were used to facilitate com- 
parison directly with results obtained during the experi- 
mental work with a model having the same beam. 

The value 8 .of Bouth's discriminant for each angle of 
dead rise are plotted agninst trim in figure 1. She plots 
include results for the planing surface with wing and tail 
and also for the planing surface with the tail alone. She 
wing appears to have very little effect upon the trim at 
which Bouth's discriminant passes through zero. An exami- 
nation of tablo I shows that A, B , G, 3, and B are all 
'positive when Bouth's discriminant is near zero, and that 
it is tho discriminant in oaoh of those cases that indi- 
cates whother the system is stable or unstable. 

The results indicate that an increase in angle of 0 
dead rise from 10° to 30° causes an increase of about 4$ 
in tho trim at which B passes through zoro (fig. l). 
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BXPBEIME3TAL I FYS S5? I GAT I ON 
Models 



Jiguro 2 shove a skotch of the apparatus and shows' 
the shapo of the transverse section of tho "bottom of oaoh 
of the models designatod A, B, 0, and D. Model B Is tho 
same as that used In the tests described in reference 3. 
The keel of each' of the four models is straight for a dis- 
tance of 36 inches forward of the trailing edge, the "beam 
of each is 16 inches, and the over-all length is 48 inches. 
Bach model was fitted with a tail plane of HA OA 0015 sec- 
tion of rectangular plan form and with a span of 41 inches. 
•The chord of the stabiliser was 6£ inches and that of the 
elevator 5f inches, The moment arm of the tail plane was 
approximately 48 inches. 

Test Procedure 

, . The test procedure was practically the same as that 
described in reference 3. The model was. towed at the low- 
water level in the BACA tank. Buns were made at constant 
speed and with fixod loads on the water, while the trim of 
tho model was adjusted by means of tho elevator. In the 
prosont tests the method of establishing tho critical trim 
was practically the same as that described in reference 3. 

As defined in reference 3, the critical trim is that 
value of the trim separating the stable range from the un- 
' stable range of trim, the upper range being the stable 
one* Tor each test point, the bow of the model was raised 
about 3 and released. If regular oscillations followed, 
the trim was assumed to be below the critical value. If 
the oscillations of the model decayed to zero in a few. 
cycles, the trim was considered to be above the critical 
value. Points definitely above and below the critical 
value, separated by as small a range as appearod practical, 
were established and tho critical trim was assumed to be 
tho moan betwoen tho two values. Oheck tests of the crit- 
ical trim by independent obsorvor s 0 usually produced re- 
sults differing by not more than A , 

2 

Be suits 

Be suit s of the tests of the four planing models are 



presented In figure 3 shoving the variation of critical 
trim with speed for loads of 40, 60, 80, and 100 pounds. 
In coefficient form these loads are, respectively, 0.36, 
0.39, 0.P2, and 0.65, the load coefficient being defined 
by the formula 

0 A = A/vh 3 

where v, the specific weight of vater in the tank, is 
63.4 pounds per cubic foot and b, the beam of the model, 
is 1.33 feet. The nass of the model including all coun- 
terweights was 4.3 slugs, corresponding to a gross load 
coefficient of 0.93, and the radius of gyration was 1.33 
feet for the results shown in figures 3 and 4. The present 
tests did no* include extensive variations of gross weight, 
radius of gyration, or location of the center of gravity. 
Heference 3 describes the effoot of these variables for an 
angle of dead rise of 22$° and shows that the radius of gy- 
ration is the only one of the three variables that appears 
to be very important in determining the critical trim. 
She Conclusion in reference 3, that decreasing the radius 
of gyration caused an increase in the critical trim, was 
chocked qualitatively during the present tests by obtain- 
ing the critioal trim in the usual -manner and then increas- 
ing by about 100 porco .t the mass moving vertically with- 
out changing the speed or load on the water. Bach of the 
three models having a simple 7-bottom invariably showed an 
increase in tho critical trim. 

Tho an o melon 8 results obtained with planing model D 
at spoods from 24 to 34 feat por second were investigated 
with considerable intorost. Intersection of some of tho 
curves shown in figure 3(d) wps unmistakably established. 
For Instance, at 30 feet per seoond the trim of the model 
was adjusted to be slightly but definitely above the crit- 
ical value for a load of 100 pounds. 71th the model run- 
ning stably, the load was reduced to 60 pounds and por- 
poising followed. 

DISCUSSION 



Oomioarlson of calculated with experimental results. - 
In figure 5(c) the dashed curve Bhows the variation of 
critical trim with angle of dead rise as calculated. The 
calculated curve is in very good agreement with the ex- 
perimental results. The agreement appears sufficiently 
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good to justify further ubs of the data In table I for cal- 
culations to show the effect of other variables, such as 
tho radius of gyration and the location of the center of 
gravity, in combination with the effect of dead rise. ' 

Bxuorimontal results .- She faired curves of figure 3 
were used to obtain the comparisons in figures 4 and 5 
shoving the effect of dead rise for the three simple V- 
bottoms. She increase of critical trim with increase of 
dead rise is definite and rather large for all loads and 
spoeds included. IP or examplo, figure 5(b) shows that with 
a load of 60 pounds at 30 feat per second an increase in 
angle of dead rise from 15° to 30° causes an increase in 
aritioal trim from about 5.2° to 9.4°. The 'magnitude of 
the effect of dead rise is interesting in view of the many 
parameters that have no Important effect upon the lower 
limit of porpoising of a seaplane. 

Heretofore the selection of the angle of dead rise 
has been influenced mainly by consideration of its effect 
upon resistance, spray, and impact pressures. ■ So these 
considerations must now be added' the effect of dead rise 
upon stability. A considerati on ■ of the effect of dead 
rise upon the porpoising characteristics of a oomplete 
seaplano should, of course, take into account the effect 
upon tho upper* limit and upon skipping. Ho information 
appears to be available at present regarding the effect af 
dead rise upon tho upper limit of stability. 

Z. S. M. Davidson and "S\ V. S. Locke of StevonB In-.' 
stituto of Technology have used plots (results of un- 
publishod tests made i" the experimental towing tank at 
Stovens Institute) of tho lower trim limit of stability 

against — , in which the data obtained at Stevens 

■|pT 3 b 3 

Institute for several different loads fell rather close 
to a single curve. Similar plots of the data obtained in 
the present tests of planing surfaces are shown in figure 
6. The data for models A and B show relatively small var- 
iations with load. For models 0 and D the variations are 
somewhat greater, 

A partial explanation of the result that the effect 
of load appears to be small may be obtained by a consider- 
ation of the methods used in the present report for calcu- 
lating the effect of dead rise on stability. The deriva- 
tives were calculated by using the concept of a planing 
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coefficient that neglect b the effect of Parotide' b number. 
This procoduro of neglecting Troude's lav of comparison 1b 
frequently employed in the analysis of planing phenomena 
and implios that a given configuration of trim, draft, 

boam, and doad riao results in a single value for A « 



the a position of the oenter of pressure. Thus, if the ratio 
A/V ia held constant, variations in A and 7 result in 
variations of B "but do not vary either the ratio B/V 
or the position of the oenter of pressure. Accordingly, 
for a constant Value of A/7 a , a variation in the load af- 
fects all the derivatives by some constant factor and does 
not affect the sign of any of the terms in the disoriml-t 
nant equation or the sign of South' s discriminant. If the 
assumptions were correct, the plots of figure 6 would be 
independent of load for the three 7-bottom models. She 
comparatively 'small effects, of the load shown do indioate. 
that tho assumptions were good approximations. 



' SUE7SY 0! -EB 033TEHAL PROBLEM 



As a convenience in showing the relation of the re- 
sults of the prosent investigation to tho general problem 
of porpoising, an out lino of some of tho more important 
variables is given: 

I. factors variablo during a take-off or landing 

A. Speed 

B. Hydrodynnmio load (gross weight minus aerody- 

namic lift) 

G. Trim' 

II. Variables in the 'configuration of the airplane 
A. Aerodynamic 




Ziikowiso, thoro is a single valuo of 



B 



and also of 



"1. 



Lift, affected mainly by 
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a* Wing area 

"b. Slope of lift curve and stall 
angle 

o. Angle of wing setting 

2. Damping in angular velocity, affected 

mainly, "by 

a. fall area 

b. Tail length 

3. Damping in vertical velocity, affected 

mainly by slope of lift curve 

B. Eydrodynamio 

1.. Dead rise and shape of transverse sec- 
tion 

2. Flan form of trailing edge of forebody 

3. Longitudinal curvature of forebody 
0. Inertial 

1. Total mass 

2. Moment of inertia 

3. Location of oenter of gravity 

This outline relates only to the lov-angle type of 
porpoising that doos not involve the afterbody. The 
length of the forebody is assumed to bo sufficient to pre- 
vent the bow from entering the water. The effects of 
spood, load, and trim are well known, at least in a qual- 
itative way. An inoreaso in spoed, a decrease in load, 
or an incroaso in trim all tend to decrease the probabili- 
ty of porpoising. 

An increaso in aorodynanlc damping in pitch may re- 
duce the probability of porpoising, although an inoreaso 
in this damping boyond a certain point mny have no practi- 
cal valuo in roduoing porpoising and may, in fact, be un- ■ 
dosirablo. Porring and Glauert (reference l) showed that 
if no aerodynamic damping were present, porpoising defi- 
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nitely would be more probable. She result of Perring and 
Glauert's analysis has "been amply verified experimentally* 
Unpublished results of tests made by Davidson and Locke of 
Stovens Institute' of Technology shoved the effect of vary- 
ing the tail damping from zero to twice the designed value 
on a model of a large flying "boat . They 'shoved very lit- 
tle effeot at speeds near the. hump. At speeds near get- 
away an increase in damping from zoro to the designed 
value reduced the lover limit from 4.5° to 1.6 . further 
inoreaso in the damping to twice the designed value re- 
duced the lower limit "by an additional amount of only about 
0.2 . These results are in agreement with the results de- 
scribed in reference 3, wherein it we concluded that when 
the tail area was doubled there vaa no very important ef- 
fect upon the lower limit. The testB described in refer- 
ence 3 included a further consideration of tail area in 
an inveatigation of its effeot upon the amplitude of por- 
poising that occurs when the trim falls below the lower 
limit. The amplitude of the porpoising was found to be in- 
creased somewhat when the tail area vaa increased. Thus, 
it appears that an increase in tail proa may not necessari- 
ly bo of any advantage in reducing porpoising. 

The effect of wing damping was considered in refer- •. 
ence 3. The effect is confined mainly to the derivative - 
Z v and vas found to be not very important. In the tests 

st Stevens Institute referred to, Davidson and Locke found 
no effect from increasing the aerodynamic oomponent of Z v 
from the designed value to about twice that value. 

The effects of many variations in the plan form of 
the trailing edge (step) have been investigated at HACA 
tank no. 1. The effects upon the lower limit have been 
generally very small. Brief tests of one planing surface 
and of onp complete codel of a flying boat having an elon- 
gated form in which the chinee were fairod into a pointed 
stop Bhowed some increase in the lower trim limit of sta- 
bility. 

Ho information appears to be available regarding the 
effoct of longitudinal curvature of the forobody upon por- 
poising. An indication of the effeot of this variable 
should bo predictable from calculations of the type pro- 
Bentod in the present report. Data for calculating the 
values of the derivatives may bo obtained from reference 5. 

Investigations of the effoots of mass, momont of in- 
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ertla, and center of gravity have "been comparatively numer 
oub. Small changes in masa and moment of Inertia (on the 
order of ±25 percent) appeared; to have negligible effeots. 
Beferenoe 3 shove that changes in the radius of gyration 

on the order of a 50-percent decrease or a 100- 

percent increase, may have very important effeots upon 
"both the. lower limit and the amplitude of porpoising. She 
largor radius of gyration appeared deslrablo and possibly 
accounted, at least in part, for the fact that float sea- 
planes gonerally oxhihit loss severe porpoising than fly- 
ing boats. 

Many efforts have been made to lmproye the porpoising 
characteristics of a seaplane by moving the center of grav 
ity (for example, see references 6 and 7). The principal 
effect -in the case of a complete airplane appeared to be 
that resulting from the change obtained in the range of 
trim available. Beferenoe 3 indicated that there was only 
a relatively small and unisroortant offoot upon the lower 
limit of stability. 

When the results of the information outlined above 
are summarised, only two variables in configuration appear 
known to be of much importance in determining the lower 
trim limit of stability of a seaplane: namely, the radius 
of gyration and the shape- of. the transverse section. 

- Tho conflicting requirements of low resistance during 
planing and of an easy entry on Impact lead to compromises 
by the dosigner of a seaplane in selecting the doad riso. 
Numerous complex shapes including fluted bottoms and bot- 
toms similar in shapo to that of planing model D have ap- 
peared to many designers to offer some advantages over a 
simple T-bottom with ohine flare. She results obtained in 
the tests of model D indicate that the lower limit of sta- 
bility may not be accurately predicted by assuming it to 
be equivalent to some average value of the dead riBe. The 
anomalous behavior of model D over a narrow speed range 
above the hump also indicates that a complex form may of- 
fer some advantages as a compromise by reducing the prob- 
ability of low-angle porpoising for a heavy load at spoedB 
in the lower ond of tho planing range, whsro low-angle 
porpoising frequently occurs in conventional 'designs. At 
spoods below this rango tho afterbody ordinarily becomes 
involvod, and in many oases at higher speodB tho probabil- 
ity of tho low-anglo typo of porpoising is remote. 
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OOHOLUSIONS 



Tho effect of dead rise on the stability characteris- 
tics of a complete seaplane should take Into account the 
high-angle type of porpoising and skipping. Ho informa- 
tion appears to be available at present regarding the ef- 
fect of dead rise upon types of porpoising that involve 
the afterbody. 

The following conclusions obtained in an investiga- 
tion of the simplified system composed of a tail plane 
and planing surface are believed to apply to a complete 
seaplane when planing on the forebody: 

1, Increase of the anglo of dead rise within the 
range of 10° to 30 causes an Important increase in the 
lovor limit of stability. 

8. transverse sections of the forehody having com- 
plex shapes (for examplo, p fluted shape) may produce 
anomalous results that may not be aoouratoly predicted by 
a b Burning an equivalent V-bottom. 



Langley Memorial Aeronautical laboratory, 

national Advisory Committee for Aeronnutios, 
Langley Jleld, Va, 
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Total l 

1 


-3.88 


-878 


-1.00 


7 


-.008 


-38.1 


-8.43 


I Dud rlaa, 80° 


; 4 

i 


Hydrotlj r iAMi.o ' —ICO 


•4.18 


-831 


.88 


70 


.468 


-18.8 


.34 


2S ,mt '8.i ; 81B 418 


22.611 -44.8 
88,761 -88.6 


Total 


-169 


-8.87 


-877 


.08 


70 


—013 


-37.7 




!'■» 


817 


469 


. s 




-183 


-8.30 


-187 


-.41 


4B 


.287 


-11.8 


.04 


Without 
alas 
With 
wing 


4.6*818 


466 


13,893 . -8.6 




Total 


-IBS 


-8.46 


-803 


-.41 


48 


-.198 


-30.6 


-8.88 


8.7 


881 


498 1 18,847 j -18.7 


6 


Hydro dyimlo 


-189 


-1.68 


-134 


-.81 


IB 


-.653 


-86.8 


—81 


Without 
wins 
Witt 
wing 


4.8 

8.3 


198 
188 


348 
889 


1.062 ' 14.0 1 


Total 


-IBB 


-8.84 


-ISO 


-.81 


IB 


-1.138 


7.1 


-8.47 


1,810 


1 

16.9 

1 


B 


HjdrodT&Ualo 


-813 


-1.40 


-114 


-.78 


-7 


-.878 


11.5 


—19 


Without 
wing 
Witt 
wing 


3.9 
8.0 


883 
887 


441 
488 


863 
641 


17.1 | 
88.8 . I 


Total 


-813 


-8.58 


-180 


-.78 


-7 


-.787 


-7.B 


-8.48 


Daad rlaa, 30° 


B 


Bydrodyzualo 


-11B 


-3.84 


-184 


1.87 


87 


-.778 


81.8 


—38 


Without 
wins 
Witt 
wing 


8.1 
7.3 


117 
180 


-106 
-180 


14,800 
18,688 


-48.6 

1 

-116.7 


Total 


-118 


-4.68 


-830 


1.87 


78 


-1.88B 


18.1 


-2.56 


6 


HydrodypCTlo 


-187 


-8.60 


-147 


.48 


70 


-.898 


11.7 


-.03 


Without 
wing 
With 
wing 


4.9 
6.0 


Ml 
143 


167 
140 


11,830 
14,480 


-19.0 
-48.0 


Total 


-187 


-3.76 


-183 


.48 


70 


-.771 


-7.4 


-8.89 


6 




-143 


-1.64 


-118 


-.83 


36 


.088 


-8.1 


.01 


ha 


4.1 
6.8 


166 

171 


384 
389 


7,100 
8,788 


-.1 
-8.8 


Total 


•143 


-s.es 


-180 


-.33 


36 


-.487 


-81.8 


-8.88 



*Aarodjnanla 



of darlvatlwaa ara tha 



for all anglaa of trim and daad rlaa. 




15 20 
Angla of da ad rln, dag 
(a) Spaed, Uo fp». 



angla of 



20 25 
Angla of daad rlaa, dag 
(d) Spaad, 50 fpa. 



Plgura 5.- Variation of opltloal trla with/dead rlaa for four dlffarant apaada and four dlffarant loada. 




(b) Modal D and faired eurves from figure 6(a). 

Figure 6.- Variation of arltloal trin with planing ooafflslant. Plotted points 
are from faired onrrea of figure 3. 
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